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Modeling the Growth Characteristics
of Listeria monocytogenes and Native
Microflora in Smoked Salmon
C.-A. HWANG AND S. SHEEN

ABSTRACT: Smoked salmon contaminated with Listeria monocytogenes has been implicated in foodborne listerio-
sis. The objectives of this study were to model the growth characteristics and examine the growth relationship of
L. monocytogenes and native microflora in smoked salmon. Smoked salmon samples with a native microflora count
of 2.9 log10 CFU/g were inoculated with a 6-strain mixture of L. monocytogenes to levels of log10 1.6 and log10

2.8 CFU/g, and stored at 4, 8, 12, and 16 ◦C. Growth characteristics (lag phase duration [LPD, h], growth rate [GR,
log10 CFU/h], and maximum population density [MPD, log10 CFU/g]) of L. monocytogenes and native microflora
were determined. At 4 to 16 ◦C, the LPD, GR, and MPD were 254 to 35 h, 0.0109 to 0.0538 log10 CFU/h, and 4.9 to
6.9 log10 CFU/g for L. monocytogenes, respectively, and were 257 to 29 h, 0.0102 to 0.0565 log10 CFU/h, and 8.5 to
8.8 log10 CFU/g for native microflora. The growth characteristics of L. monocytogenes or the native microflora were
not significantly different (P > 0.05), regardless the initial levels of L. monocytogenes. Mathematical equations were
developed to describe the LPD, GR, and MPD of L. monocytogenes and native microflora as a function of storage tem-
perature. The growth relationship between L. monocytogenes and native microflora was modeled and showed that
the LPD and GR of L. monocytogenes were similar to those of native microflora. These models can be used to estimate
the growth characteristics of L. monocytogenes in smoked salmon, and thereby enhance the microbiological safety
of the product.
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Introduction

Smoked salmon is a ready-to-eat (RTE) product, and is com-
monly sold in vacuum packages with a refrigerated shelf life of 3

to 8 wk. The product is produced by salting, smoking, trimming, or
slicing the fish, and vacuum-packaging the final product. Smoked
salmon contains approximately 65% to 78% water, 2% to 8% water–
phase salt, and 2 to 15 ppm phenol, with pH values of 5.9 to 6.3
and aw of 0.95 to 0.98. The total microbial counts in cold-smoked
salmon after packaging were approximately 103–4 CFU/g, mostly
lactic acid bacteria (Duffes 1999; Rorvik 2000; Gimenez and Dal-
gaard 2004). Lactic acid bacteria are able to grow in smoked salmon
at refrigerated temperature, and are mainly responsible for the shelf
life of smoked salmon (Jorgensen and others 2000; Leroi and oth-
ers 2001). Potential for contamination with Listeria monocytogenes
exists, if smoked salmon is not processed and handled properly.
L. monocytogenes is a human pathogen that causes listeriosis and,
with an ability to grow at low temperature, is a significant pathogen
of concern in refrigerated RTE foods. The rates of contamination of
L. monocytogenes in cold-smoked salmon or smoked fish have been
reported to be at 10% (Embarek 1994), 9.2% to 13.8% (Cortesi and
others 1997), 34% to 43% (Jorgensen and Huss 1998), 7.3% (Nor-
ton and others 2001), and 4.3% (Gombas and others 2003). The
levels of L. monocytogenes recovered from contaminated smoked
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salmon were generally low at < 10 CFU/g (Cortesi and others 1997;
Gombas and others 2003). Smoked salmon and smoked fish con-
taminated with L. monocytogenes have been implicated with caus-
ing foodborne listeriosis. One listeriosis outbreak in Sweden was
linked to eating smoked rainbow trout or salmon and resulted in
9 cases of listeriosis and 2 deaths (Ericsson and others 1997). Risk
assessments indicated that consumption of smoked salmon con-
taminated with L. monocytogenes may cause an elevated risk of lis-
teriosis (FDA/USDA/CDC 2003; FAO/WHO 2004).

Because of a high probability that smoked salmon may be
contaminated with L. monocytogenes, the growth behavior of
this pathogen in smoked salmon has been studied extensively.
Dalgaard and Jorgensen (1998) reported that salt, moisture con-
tents, pH of smoked salmon, and the prevailing storage tempera-
tures were supportive to the growth of L. monocytogenes. Several
studies have identified that salt, aw, smoke compounds, liquid
smoke (Vitt and others 2001), lactate and diacetate (Mejlholm and
Dalgaard 2007), product pH, salt, phenolic compounds, and stor-
age temperature (Membre and others 1997; Thurette and others
1998; Augustin and Carlier 2000; Lebois and others 2004; Cornu
and others 2006; Hwang 2007) had effects on the growth of L.
monocytogenes in vacuum-packed smoked salmon. There were
also studies examined the growth of L. monocytogenes in smoked
salmon with native microflora (Gimenez and Dalgaard 2004; Lappi
and others 2004; Tome and others 2007) and added spoilage mi-
croorganisms (Gimenez and Dalgaard 2004) or lactic acid bacteria
(Nilsson and others 1999; Pleasants and others 2001; Amezquita
and Brashears 2002; Yamazaki and others 2003). However, these
studies mainly reported the increase or decrease of cell counts
of L. monocytogenes in smoked salmon during storage. Data on
the growth characteristics of L. monocytogenes and the native
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microflora, and the growth relationship between these 2 microflo-
ras in smoked salmon are limited. The objectives of this study were
to examine the growth characteristics of L. monocytogenes and na-
tive microflora in smoked salmon at refrigerated and abuse temper-
atures, and develop models to describe the growth characteristics
and the growth relationship between L. monocytogenes and native
microflora.

Materials and Methods

L. monocytogenes and inoculum preparation
Six strains of L. monocytogenes (NFP7459; serotype 3b, NFP7533;

serotype 4b, NFP7554; serotype 1/2b, NFP7712; serotype 1/2a,
NFP7735; serotype 1/2a, and NFP7779; serotype 2/1a) from the
Microbial Food Safety Research Unit, Eastern Regional Research
Center, Agricultural Research Service, U.S. Dept. of Agriculture,
were used in this study. Each strain was transferred from −80 ◦C
stock culture into 10 mL brain heart infusion (BHI) broth (Difco,
Becton, Dickinson and Co., Sparks, Md., U.S.A.) and incubated at
35 ◦C overnight. A loopful of cell suspension of each strain was then
transferred to fresh 10 mL BHI broth and incubated at 35 ◦C for
24 h. One milliliter of cell suspension from each strain was mixed
together, and the mixture was further diluted in sterile 0.1% pep-
tone water (PW) to obtain inocula with populations of 102–3 and
103–4 CFU/mL.

Sample preparation and storage
To select a representative smoked salmon product for testing, 5

cold-smoked salmon products from different manufacturers were
purchased from a local grocery store. Samples were analyzed by a
commercial analytical laboratory (Microbac Laboratories Inc., Wil-
son, N.C., U.S.A.) to determine contents of moisture (forced-draft
oven method), salt (AOAC method), fat (ether extract method), and
total phenolic compounds (Folin–Ciocalteau method). A product
that had the representative composition was used in this study
within 3 d of purchase. The smoked salmon used in this study had a
pH of 6.5, aw 0.97, 65% moisture, 1.93% salt, 5.6% fat, and 4 ppm to-
tal phenolic compounds. Smoked salmon samples (3 g) were placed
into 100-mL stomacher bags (Spiral Biotech Inc., Norwood, Mass.,
U.S.A.), and inoculated with 0.1 mL of the L. monocytogenes in-
oculum to achieve inoculum levels of 101–2 and 102–3 CFU/g. The
bags were vacuum-sealed to 60 mbar using a Multivac A300 vac-
uum sealer (Multivac Inc., Kansas, Miss., U.S.A.). The samples were
stored at 4, 8, 12, and 16◦ for up to 6 wk. During the storage, dupli-
cate samples were analyzed for counts of L. monocytogenes and na-
tive microflora. The experiment was performed in 2 separate trials
with 2 samples prepared for each sampling interval for each trial.

Enumeration of L. monocytogenes
and native microflora

To each bag of smoked salmon, 3 mL of sterile 0.1% PW was
added and pummeled in a stomacher at medium speed for 2 min.
The sample homogenates were serially diluted in 0.1% PW. Appro-
priate dilutions (0.1 mL) were spread-plated onto PALCAM agar
(Difco) in duplicate for L. monocytogenes, and plate count agar
(PCA, Difco) for native microflora. All plates were incubated at
35 ◦C for 24 to 48 h. In preliminary study, sample dilutions were
also spread-plated on deMann Rogosa Sharpe (MRS, Difco) and
incubated in a Bactron IV Anaerobic/Environmental Chamber
(Sheldon Manufacturing Inc., Cornelius, Oreg., U.S.A.) with a gas
composition of 10.1% carbon dioxide, 4.38% hydrogen, and balance
nitrogen for 48 h at 37 ◦C for lactic acid bacteria. The counts on PCA

and MRS were not significantly different, indicating the colonies
appeared on PCA were mostly lactic acid bacteria.

Determination of lag phase duration, growth
rate, and maximum population density

Growth curves of L. monocytogenes and native microflora (log10

CFU/g against storage time) in smoked salmon during storage at
4, 8, 12, and 16 ◦C were fitted with DMFit curve-fitting software
(http://www.ifr.ac.uk/Safety/DMfit/default.html) to obtain the lag
phase durations (LPD, h), growth rates (GR, log10 CFU/h), and max-
imum population density (MPD, log10 CFU/g). Means of GR and
LPD of L. monocytogenes and native microflora at each storage tem-
perature were compared using Tukey’s mean comparison test (SAS
9.1, SAS Inst., Cary, N.C., U.S.A.) at a significance level of 95%. The
LPD and GR of L. monocytogenes and native microflora at 4, 8, 12,
and 16 ◦C were fitted with a linear or polynomial equation as a
function of storage temperature using the procedure of regression
model or general linear model (GLM) of SAS 9.1 (SAS Inst.). Fitting
results showed that LPD were better fitted with a polynomial equa-
tion, and GR, in square root transformation, and MPD were better
fitted with a linear regression. The forms of the equations are:

LPD = α + β1 × temperature + β2 × (temperature)2

√
GR = α + β1 × temperature

MPD = α + β1 × temperature.

where α is the intercept, and β1 and β2 are estimated coefficients.
To describe the growth relationship between L. monocytogenes

and native microflora in smoked salmon, the LPD and GR of L.
monocytogenes as a function of those of native microflora were fit-
ted with a linear regression:

LPDL. monocytogenes = α + β1 × (LPDnative microflora)

GRL. monocytogenes = α + β1 × (GRnative microflora).

where α is the intercept, and β1 is estimated coefficients.

Results and Discussion

Growth of L. monocytogenes and native microflora
in smoked salmon at 4, 8, 12, and 16 ◦C

The growth of L. monocytogenes and native microflora in smoked
salmon at 4, 8, 12, and 16 ◦C are shown in Figure 1A to 1D. The ini-
tial low-inoculum of L. monocytogenes was approximately 1.6 log10

CFU/g. The counts increased to 4.6 log10 after 35 d at 4 ◦C, 5.4 log10

CFU/g after 21 d at 8 ◦C, 5.6 log10 CFU/g after 15 d at 12 ◦C, and
6.5 log10 CFU/g after 7 d at 16 ◦C. The initial high-inoculum of L.
monocytogenes was approximately 2.8 log10 CFU/g. The counts in-
creased to 4.9 log10 CFU/g after 35 d at 4 ◦C, 5.6 log10 CFU/g after
21 d at 8 ◦C, 5.9 log10 CFU/g after 15 d at 12 ◦C, and 7.1 log10 af-
ter 7 d at 16 ◦C. The initial level of native microflora was approx-
imately 2.9 log10 CFU/g, and the counts increased to more than
8 log10 CFU/g after 28 d at 4 ◦C, 15 d at 8 ◦C, 10 d at 12 ◦C, and
5 d at 16 ◦C, regardless of the initial inoculums of L. monocytogenes.
The growth of L. monocytogenes in salmon observed in this study
agreed with results reported by other studies that showed the ability
of L. monocytogenes to grow in smoked salmon during storage at 4
to 10 ◦C (Cortesi and others 1997; Yoon and others 2004; Cornu and
others 2006). This study again demonstrates the risk of L. monocy-
togenes-contaminated smoked salmon stored under refrigerated or
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abuse temperatures for an extended time. The growth of native mi-
croflora in smoked salmon reached the MPD of > 8.5 log10 CFU/g
at all storage temperatures, whereas the L. monocytogenes reached
4.9 log10 CFU/g at 4 ◦C, 5.9 log10 CFU/g at both 8 and 12 ◦C, and
6.9 log10 CFU/g at 16 ◦C. The MPD of L. monocytogenes appeared to
be affected by the level of native microflora, in which the growth of
L. monocytogenes was inhibited when the native microflora reached
the MPD (Figure 1A to 1D). Gimenez and Dalgaard (2004) reported
that L. monocytogenes grew to 8 log10 CFU/g in vacuum-packed
cold-smoked salmon stored at 5 to 25 ◦C. With spoilage microor-
ganisms, L. monocytogenes reached only 2 to 4 log10 CFU/g, and
the growth ceased when the spoilage microorganisms reached the
MPD. The native microflora in smoked salmon in this study were
mainly lactic acid bacteria (LAB) as evidenced by the similar counts
on PCA plates and MRS plates (data not shown). LAB has been re-
ported to inhibit the growth of L. monocytogenes in smoked salmon
(Nilsson and others 1999; Jorgensen and others 2000; Katla and oth-
ers 2001; Leroi and others 2001).

Growth characteristics of L. monocytogenes and
native microflora

The growth characteristics of L. monocytogenes and native mi-
croflora in smoked salmon as indicated by LPD (h), GR (log10
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Figure 1 --- Growth of L. monocytogenes and native microflora in smoked salmon stored at 4 ◦C (A), 8 ◦C (B), 12 ◦C
(C), and 16 ◦C (D); native microflora (◦) in samples inoculated with a low initial L. monocytogenes inoculum (�), and
native microflora ( �) in samples inoculated with a high initial L. monocytogenes inoculum (�).

CFU/h), and MPD (log10 CFU/g) are shown in Table 1. The LPD
and GR of L. monocytogenes in smoked salmon were in the range of
282 to 35 h, and 0.0109 to 0.0535 log10 CFU/h, respectively, at 4 to
16 ◦C, respectively. The LPD and GR of native microflora in smoked
salmon were in the range of 257 to 29 h and 0.0102 to 0.0565 log10

CFU/h at 4 to 16 ◦C, respectively. In general, the LPD and GR val-
ues of L. monocytogenes and native microflora at low temperature
were higher and lower, respectively, than those of the higher tem-
perature. The LPD and GR values of L. monocytogenes and native
microflora with low inoculum level were not significantly different
(P > 0.05) from those of with high-inoculum level at each storage
temperature (Table 1). This indicates that the growth (LPD and GR)
of L. monocytogenes or native microflora in smoked salmon at stor-
age temperatures of 4 to 16 ◦C were similar and not affected by the
initial population of L. monocytogenes in smoked salmon. This also
indicates that the growth of L. monocytogenes or native microflora
was not affected by the initial levels of L. monocytogenes in smoked
salmon. The MPD of L. monocytogenes were 4.9 to 6.9 log10 CFU/g
at 4 to 16 ◦C, whereas the MPD of native microflora was approx-
imately 8.6 log10 CFU/g. The MPD of L. monocytogenes was sig-
nificantly higher at 16 ◦C than those at 4, 8, and 12 ◦C. The MPD
reached by the native microflora were similar in all storage temper-
atures, whereas the MPD for L. monocytogenes were significantly

Vol. 74, Nr. 3, 2009—JOURNAL OF FOOD SCIENCE M127
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higher at higher storage temperatures. The growth of L. monocyto-
genes appeared to be more active at higher storage temperatures
and be more competitive against the native microflora.

Modeling the growth characteristics and relation of L.
monocytogenes and native microflora

Parameter coefficients for the fitted linear and quadratic equa-
tions describing the LPD, GR, and MPD of L. monocytogenes and na-
tive microflora as a function of storage temperature are presented
in Table 2. For examples, the mathematical equations that describe
the LPD and GR of L. monocytogenes at an initial level of 1.6 log10

CFU/g in smoked salmon are:

LPD = 444.63 − 58.26 × (temperature) + 2.09 × (temperature)2

√
GR = 0.0529 + 0.0110 × (temperature)

MPD = 3.6500 + 0.1800 × (temperature).

The regression coefficients (R2 > 0.90) indicate that storage tem-
perature is a significant factor in influencing the LPD, GR, and
MPD of L. monocytogenes and native microflora in smoked salmon
(Table 2). The GR of L. monocytogenes, in square root transforma-
tion, in smoked salmon as a linear function of the growth temper-
atures is in the same form as the square root model proposed by
Ratkowsky and others (1983). The linear relationship between the
GR and growth temperatures allows predictions for temperatures
below the maximum growth temperature, 40 ◦C (Ratkowsky and
others 1983). These models describe the growth characteristics of L.
monocytogenes and native microflora in smoked salmon as affected
by storage temperatures at 4 to 16 ◦C, and enable the estimation
of LPD, GR, and MPD of L. monocytogenes and native microflora
(shelf life) in smoked salmon at temperature 4 to 16 ◦C. With the
estimated LPD, GR, and MPD, the levels of L. monocytogenes or na-
tive microflora (Nt , log10 CFU/g) in a smoked salmon after time
t (h) can be estimated by the followings:

Nt = N 0, if t ≤ LPD, or

Nt = N 0 + (t − LPD) × GR, or

Nt = MPD, if Nt > MPD.

where N 0 = initial population levels, and Nt = population levels at
time t (h).

Although the growth behavior of L. monocytogenes in smoked
salmon have been studied and modeled, it is often difficult to
compare data or models among different studies due to the vari-
ations in product formulations and characteristics (pH, aw, pheno-

Table 1 --- Means of LPD, GR, and MPD (standard deviation) of L. monocytogenes and native microflora in smoked
salmon stored at 4, 8, 12, and 16 ◦C.

LPD (h) GR (log10 CFU/h) MPD (log10 CFU/g)
Temperature

Microorganisms (◦C) Lowa Highb Low High Low High

Native microflora 4 243 (75) 257 (3) 0.0108 (0.0012) 0.0102 (0.0003) 8.8 (0.1) 8.5 (0.1)
8 88 (12) 72 (26) 0.0177 (0.001) 0.0164 (0.0011) 8.6 (0) 8.5 (0.1)

12 69 (12) 50 (5) 0.0313 (0.0027) 0.0293 (0.0027) 8.8 (0.1) 8.8 (0.1)
16 35 (4) 29 (13) 0.0562 (0.0013) 0.0565 (0.0024) 8.7 (0.1) 8.7 (0.1)

L. monocytogenes 4 254 (21) 282 (7) 0.0110 (0.0007) 0.0109 (0.0014) 5.2 (0.1) 4.9 (0)
8 86 (16) 115 (22) 0.0163 (0.0005) 0.0189 (0.0031) 5.4 (0) 5.8 (0.1)

12 71 (29) 63 (21) 0.0319 (0.0032) 0.0292 (0.0016) 5.5 (0.2) 5.9 (0.1)
16 38 (14) 35 (1) 0.0535 (0.0018) 0.0504 (0.0002) 6.6 (0) 6.9 (0.1)

aLow initial L. monocytogenes inoculum.
bHigh initial L. monocytogenes inoculum.

lic compounds, lactate, nitrite, dissolved CO2), strains of L. mono-
cytogenes, and the factors examined or different factors included
in models (Cornu and others 2006). In addition, it is often diffi-
cult to determine the level of some factors, for example, dissolved
CO2, in smoked salmon and select results from applicable studies
or models to estimate the growth behavior of L. monocytogenes in
a particular smoked-salmon product. Therefore, instead of model-
ing the growth behaviors of L. monocytogenes in smoked salmon
as a function of the product or environmental factors, models de-
scribed the growth relationship between L. monocytogenes and na-
tive microflora were developed. Storage temperature, salt, aw, pH,
and smoke compound have been reported to affect the growth of
L. monocytogenes and spoilage microorganisms in smoked salmon
(Leroi and Joffraud 2000). Therefore, it is assumed that the product
and/or environmental factors in a smoked salmon affect the growth
of native microorganisms and L. monocytogenes in a similar pat-
tern, and hence a growth relationship existed between L. monocy-
togenes and native microflora. In the present study, the LPD and GR
of L. monocytogenes (Lm) as a function of those of native microflora
(na) at storage temperatures 4 to 16 ◦C are:

LPDLm = 8.2 + 1.02 × (LPDna)(R2 = 0.85)

GRLm = 0.01 + 0.96 × (GRna)(R2 = 0.94)

The intercept parameter in both regressions is not significant
(P > 0.05), while the coefficients for LPDna and GRna are signifi-
cant. The models indicate that the LPD and GR of L. monocyto-
genes are a factor of 1.02 and 0.96, respectively, of those of the
native microflora. The approximately 1:1 ratio in LPD and GR of
L. monocytogenes to native microflora indicates that LPD and GR
of L. monocytogenes are similar to those of native microflora in
smoked salmon at 4 to 16 ◦C. Gimenez and Dalgaard (2004) ex-
amined the simultaneous growth of L. monocytogenes and native
microorganisms in smoked salmon, and reported that the growth
of L. monocytogenes was as fast as the spoilage microorganisms in
vacuum-packed smoked salmon stored at 5 to 25 ◦C. Comparing
the predicted GR of L. monocytogenes and native microflora (as a
function of temperature) from this study to the observed values re-
ported by Gimenez and Dalgaard (2004) (Table 3), the predicted GR
are generally higher than the observed values for L. monocytogenes
and native microflora at temperatures 2, 5, and 10 ◦C, and were
lower at 17.5 ◦C. In Gimenze and Dalgaard’s study, smoked salmon
with a relatively high concentration of phenolic compounds (12.5
ppm) than those used in this study (4 ppm) was used. The lower
concentration of phenolic compounds in smoked salmon used in
this study may contribute to the higher observed and predicted GR
of L. monocytogenes and native microflora in this study. Although
different GR were reported by these 2 studies, the GR ratio of L.
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Table 2 --- Coefficients and regression coefficients (R2) for
the LPD, GR, and MPD regressions.

Parameter coefficients

Microorganisms Intercept Temperature Temperature2 R2

LPD
Native microflora (La) 419.88 −53.73 1.88 0.85
L. monocytogenes (L) 444.63 −58.26 2.09 0.92
Native microflora (Hb) 458.13 −61.98 2.24 0.90
L. monocytogenes (H) 495.50 −63.24 2.17 0.98

GR
Native microflora (L) 0.0458 0.0120 - 0.96
L. monocytogenes (L) 0.0529 0.0110 - 0.96
Native microflora (H) 0.0462 0.0113 - 0.97
L. monocytogenes (H) 0.0605 0.0099 - 0.97

MPDc

L. monocytogenes (L) 3.6500 01800 - 0.96
L. monocytogenes (H) 4.5500 0.1337 - 0.91
aLow initial L. monocytogenes inoculum.
bHigh initial L. monocytogenes inoculum.
cThere was no fitted equation for MPD of native microflora due to the similar
MPD levels reached at 4 to 16 ◦C.

Table 3 --- Predicted and observed growth rates for L.
monocytogenes and native microorganisms in smoked
salmon.

Growth rate (log10 CFU/h)

L. monocytogenes Native microflora
Temperature
(◦C) Predicted Observeda Predicted Observeda

2 0.0023 0.0015 0.0054 0.001
5 0.0073 0.0037 0.0121 0.0042
10 0.0219 0.0180 0.0291 0.016
17.5 0.0584 0.0710 0.0683 0.065
aGimenez and Dalgaard (2004).

monocytogenes and native microflora in both studies were all at
approximately 1:1, indicating that the GR of L. monocytogenes and
native microflora in smoked salmon, regardless of product formu-
lation, are similar. Therefore, the growth of L. monocytogenes in
smoked salmon may be estimated from the growth of native mi-
croflora. This provides an additional approach in estimating the
growth of L. monocytogenes in smoked salmon. The levels of native
microflora in smoked salmon during storage determine the shelf
life of the product; therefore, data regarding levels of native mi-
croflora in a particular smoked salmon product during prevailing
storage conditions are generally available. The relationship models
may allow the estimation of LPD and GR of L. monocytogenes in any
smoked salmon, regardless of the product formulation and storage
conditions, when the growth data of native microflora are known.
Additional studies using smoked salmon with significantly different
product formulation/characteristics to confirm the similar growth
characteristics between L. monocytogenes and native microflora in
smoked salmon are warranted.

Conclusions

Models describing the LPD and GR of L. monocytogenes and
native microflora in smoked salmon stored at 4 to 16 ◦C were

developed and may be used to estimate the growth of both mi-
croflora in smoked salmon with product characteristics similar to
the one used in this study. The growth characteristics (LPD and
GR) of L. monocytogenes in smoked salmon were similar to those
of native microflora. The growth relationship between L. monocy-
togenes and native microflora may be used to estimate the growth
of L. monocytogenes, regardless of product and/or environmental

factors, when the growth characteristics of native microflora are
available.
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